Abstract: Using novel liquid cooled slab laser amplifier technology we have developed laser systems capable of amplifying nanosecond laser pulses to energy of ~1 kJ at repetition rate up to 0.1 Hz. The design and performance of these liquid cooled amplifiers at 18 cm aperture will be described along with plans to scale this technology to larger aperture and higher repetition rate.
Introduction
High energy pulsed lasers (those with energy above 100 J) traditionally require laser amplifiers with aperture greater than 10 cm. In solid state gain media, such as Nd:glass or Nd:YAG such high energy pulses, when pulse durations are nanoseconds or shorter, demand amplifiers in disk geometry with the gain medium oriented at an angle to beam propagation (typically Brewster angle). This is the amplifier format of such high energy lasers as the National Ignition Facility at LLNL, the Omega Laser in Rochester and a host of other high energy and high peak power lasers around the world.
Traditionally, such flashlamp pumped amplifiers have been designed for Nd:glass lasers because phosphate glass optics can be made to large aperture with excellent optical quality. However such amplifiers usually involve no active cooling beyond convective gas cooling. The consequence is that while very high energy is possible in a single beamline (1 -10 kJ) with slab amplifiers, the repetition rate of the laser is severely limited by the cooling time associated with heat conduction to the surrounding air. Typically repetition rate of one shot every 20 min is the practical maximum rate for amplifiers of >10 cm aperture.
The next generation of multi-petawatt lasers, whether they be Ti:sapphire lasers pumped by Nd:glass lasers or amplification directly in Nd:glass, will be used for experiments which would benefit greatly from augmented repetition rate. Because these lasers inevitably require hundreds of joules to many kilojoules of energy (either in 527 nm pump pulses or in the chirped pulse amplifier beam itself) these next generation lasers will require new technology for thermal management. While at moderate repetition rate (< 0.1 Hz) the average power generated is modest, the large aperture of these high energy lasers presents a challenge not amenable to traditional cooling schemes.
Here we describe an approach we have developed to cool large aperture Nd:glass flashlamp pumped slab amplifiers. We will present data on the performance of one such amplifier constructed with 18 cm clear aperture, suitable, when fitted with Nd:phosphate glass, for amplification of 10-30 ns pulses up to 1 kJ or 2-4 ns chirped pulses up to 200 J. This amplifier utilizes a novel liquid cooling geometry in which coolant is flowed up the faces of the pumped laser glass slabs. In this geometry we have characterized wavefront quality and gain at repetition rates up to 0.07 Hz.
Liquid Cooled Nd:glass Slab Amplifier for kJ Pulse Production
The approach we have adopted to manage heat deposition in large aperture slab amplifiers is illustrated in figure 1 . Coolant liquid flows in thin laminar flow channels up the faces of the pumped slabs. Windows contain the fluid and slabs. Because these outer windows contain no lasing ions they suffer lower heat load than the internal laser glass slabs, mitigating wavefront aberrations that might be associated with flexing of the heated slabs in air. The method we have chosen for deploying these liquid cooled slabs is illustrated in figure 2. Using vertically oriented flashlamps, the slabs are face pumped with the slab stack housed in a cubical pump cavity. This modular design permits flexibility in the design of high energy lasers as any number of slabs can be assembled in a line depending on the desired gain and energy extraction.
We have constructed modules of 18 cm aperture in this manner and demonstrated small signal gain up to 1.2 per module with induced wavefront aberrations at one shot per minute of less than one wave RMS. The implementation of this amplifier design in a high energy laser is illustrated in the photo of figure 3, where a Ti:sapphire pump laser designed to produce 400 J pulses at 527 nm is shown (built for the Apollon 10 PW laser project at LOA in France). Preliminary performance data on this laser will be presented, illustrating the capability of using this approach to amplify multi-hundred joule pulses at one shot per minute with excellent beam quality.
This approach can in principle be deployed directly in high energy chirped pulse amplification lasers. Figure 4 illustrates the conceptual design for one such laser, a 10 PW laser delivering 1.5 kJ in 150 fs at one shot/minute. Such a system would require straightforward scaling of the present cooled disk amplifier to 30 cm aperture for amplification of 2 kJ chirped pulses. Design details of this system will be presented, illustrating how the liquid cooled slab technology could be used in such CPA systems. Other directions for scaling this technology will be presented as well. We will discuss a design study for PW-class Nd:glass lasers operating at multi-Hz repetition rates and will conclude with a discussion of scaling of this technology, with the use of novel laser glasses, to peak powers approaching 1 exawatt. 
